most important aspects of the malignant phenotype. The role of host cells or the niche microenvironment and ECM is becoming an intense area of research, finalized at a better understanding of the pathophysiological modifications of the complete tumor entity, i.e., malignant cells and microenvironment.
Pathophysiological interactions of myeloma cells in the bone marrow microenvironment are highlighted by the progression-associated bone disease and neovascularization, and are witnessed by autocrine/paracrine circuits that activate multiple signalling pathways and affect the most important aspects of malignant phenotype, i.e., apoptosis/survival, proliferation, invasion, and angiogenesis [4] .
The IMWG has defined the criteria for progressive disease [5] , and the American Society of Haematology/Food and Drug Administration (ASH-FDA) has defined specific criteria for disease progression to active myeloma in patients with smouldering myeloma [6] . The cellular and molecular basis of disease progression are fovourited by mechanisms involving the bone marrow micoenvironment: a) bone disease mediated by interactions between plasma cells, osteoblasts, osteoclasts and macrophages; b) neovascularization, that represents the main feature of disease progression and that is supported by all the cellular and extracellular elements of the bone marrow microenvironment; c) bone marrow microenvironment and inflammatory cells as real protagonists.
Bone marrow angiogenesis in Multiple Myeloma
Angiogenesis is the sprouting of new blood vessels from a pre-existing vasculature and it is a tightly regulated process [7] .
During embryogenesis two major processes of blood vessel formation are implicated in the development of the vascular system: vasculogenesis and angiogenesis [8, 9] . Vasculogenesis starts from mesodermal-derived cells, the hemangioblasts, which differentiate both into angioblasts-endothelial cells and into hematopoietic stem cells [9] . Vasculogenesis prevails in the embryo but it may have physiological roles in health and disease in adults [10] . Both mechanisms, angiogenesis and vasculogenesis, occur in ischemic and tumor tissues in response to growth factors, such as VEGF and bFGF, produced by tumor and stromal cells [11] . In MM, as well as in other aggressive tumors, the vessel wall is lined with only cancer cells as a mosaic of cancer cells and endothelial cells (Figure 1 ). This phenomenon is called "vasculogenesis mimicry" [12] .
Angiogenesis is uncontrolled and unlimited in time, and essential for tumor growth, invasion and metastasis during the transition from the avascular to the vascular phase [4] . The angiogenic switch is preceded by the expression of oncogenes (c-myc, c-fos, c-jun, ets-1) coding for angiogenic factors, and activated as a consequence of immunoglobulin translocations and genetic instability of plasma cells [13] . So tumor plasma cells acquire an angiogenic phenotype due to clonal expansion and epigenetic modifications (hypoxia, shear stress) [14] . There is a shift from CD45-positive to CD45-negative plasma cells that produce VEGF [15] . VEGF stimulates proliferation and chemotaxis in both endothelial cells and stromal cells [14] . These cells are rapidly phosphorylated by the interaction with VEGF, and signal via extracellular signal-related kinase-2 [16] . VEGF acts as an autocrine inducer of growth and chemotaxis via VEGER-1 [17] . It increases IL-6 (a major growth and survival factor for MM plasma cells) production by bone marrow stromal cells via VEGFR-2 and thus forming a paracrine loop for tumor growth [18] and angiogenesis. Moreover, adhesion of plasma cells to bone marrow stromal cells increases VEGF secretion by both cell types [19] , and so enhances angiogenesis. VEGF production by plasma cells is also regulated by TNF-α of bone marrow stromal cells [20] . TNF-α mediates upregulation of adhesion molecules of plasma cells and bone marrow stromal cells, and thus enhances heterotypic adhesions and activates IL-6 secretion by bone marrow stromal cells [21] . TNF-α secreted by plasma cells induces upregulation of adhesion molecules on both MM plasma cells and bone marrow stromal cells [22] , thereby increasing the binding of MM plasma cells to bone marrow stromal cells with associated cell adhesion mediated-drug resistence and induction of IL-6 and VEGF secretion by bone marrow stromal cells [23, 24] , which mediates MM cell homing and migration, as well as angiogenesis [25] . VEGF signalling also contributes to inhibit antiangiogenic signals such as semaphorin3A (SEMA3A) whose autocrine loops are usually activated to self-limit physiologic angiogenesis [26] .
FGF-2 is an other important angiogenic growth factor, and it represent a potent activator of endothelial proliferation and can thus stimulate angiogenesis, promote stromal fibroblast proliferation and extracellular matrix formation leading to excessive bone marrow fibrosis and can directly affect neoplastic cells by acting on their high affinity FGFRs [27] . FGF-2 increases IL-6 secretion; conversely IL-6 enhances FGF-2 expression and secretion by MM plasma cells [27] , thus forming a paracrine IL-6/FGF-2 crosstalk between MM plasma cells and bone marrow stromal cells that triggers neovascularisation as well as MM cell growth and survival [28] .
miRNA and angiogenesis
The recent discovery of microRNA (miRNA) genes, encoding for a class of small non-coding RNAs involved in the regulation of cell cycle, survival and differentiation programmes has added a further level of complexity to normal and cancer cell biology. Through complementary base pairing to specific protein-coding transcripts, miRNAs direct mRNA silencing by message degradation and translational repression [29] . Impaired miRNA expression has already been demonstrated in a number of solid tumors and, more recently, in some hematological disorders [30] [31] [32] . To date, only little evidence of miRNA expression/deregulation in MM has been reported: recently, it has been demonstrated that miR-21 can be induced by STAT3 and mediate IL-6-dependent human myeloma cell lines (HMCLs) survival [33] . Successively, Pichiorri et al reported a miRNA microarrays and quantitative PCR (Q-RT-PCR) analysis of HMCLs and PCs from patients with MM, MGUS and normal controls, showing a set of differentially expressed miRNAs that can be associated with neoplastic transformation and progression [34] . Recently, an integrative genomic approach that revealed coordinated expression of some in-tronic miRNAs with their deregulated host genes has been performed [35] . In particular, it has been monitored host transcript expression values generated on Affymetrix oligonucleotide microarrays in a panel of 20 HMCLs and identified miRNA host genes whose expression varied significantly across the dataset. Moreover, the expression levels of the corresponding intronic miRNAs by Q-RT-PCR has been evaluated, and it has been identified a significant correlation between the expression levels of MEST, EVL, and GULP1 genes and those of the corresponding miRNAs miR-335, miR-342-3p, and miR-561, respectively. Notably, miRNAs and their host genes were overexpressed in a fraction of primary tumors with respect to normal plasma cells, and interestingly, the predicted putative miRNA targets and the transcriptional profiles associated with the primary tumors suggested that MEST/miR-335 and EVL/miR-342-3p may play a role in plasma cell homing and/or interactions with the bone marrow microenvironment.
These first evidences suggest that, as already extensively observed in other tumours, miRNAs could play a critical role also in MM, and their expression profiling could add a further level to our understanding of its pathogenesis. Important evidences have been shown by Roccaro et al, who has identified a MM-specific microRNA signature characterized by down-expression of microRNA-15a/-16 and overexpression of microRNA-222/-221/-382/-181a/-181b. MicroRNA-15a and -16 regulate proliferation and growth of MM cells by inhibiting AKT serine/ threonineprotein-kinase (AKT3), ribosomalprotein-S6, MAP-kinases, and NF-κB-activator MAP3KIP3. Moreover, miRNA-15a and -16 exert their anti-MM activity even in the context of the bone marrow microenvironment. They reduce VEGF secretion from MM cells at the protein level, thereby reducing MM cell-induced proangiogenic activity on endothelial cells. So miRNA15a and -16 are critical regulators of MM pathogenesis both directly by targeting clonal plasma cells, and indirectly by reducing BM neoangiogenesis and the interaction between tumor cells and BM milieu [36] .
Bone marrow microenvironment
The MM microenvironment is characterized by the presence of plasma cells, ECM proteins, hematopoietic stem cells and bone marrow stromal cells, including fibroblasts, osteoblasts, osteoclasts, chondrocytes, endothelial cells, endothelial progenitor cells, T lymphocytes, neutrophils, macrophages and mast cells [37] . We have already explained some of the interactions between these components, which determine the proliferation, migration and survival of plasma cells, as well as drug resistance and formation of bone disease [38] . So a permissive stromal environment is important in supporting tumor progression in combination with genetic alterations [39] .
Endothelial cells
Tumor endothelial cells differ greatly from those of quiescent healthy vessels [40] . They proliferate rapidly in keeping with the enhanced angiogenesis that accompanies tumor progression [41] . Their intercellular adhesion and to the ECM during sprouting (that implies cell proliferation and migration) is greatly reduced since they have different profile and level of cell adhesion molecules [42] . Their survival is markedly dependent on growth factors secreted by the tumor and its microenvironment, and on their expression of specific receptors for these factors [43] . They are abnormal in shape and highly permeable due to the presence of fenestrae, vesicles, transcellular holes, widened intercellular junctions, and a discontinuous basement membrane [44] . They share the lining of new vessels with tumor cells able to mimic vessels [45] . The fast growth of endothelial cells and tumour cells, coupled with their structural and functional abnormalities make tumor vessels thin, tortuous, and arborized [8] . As a consequence, tumor blood flow is chaotic and variable and leads to hypoxic and acidic environment that stimulate further angiogenesis [46] . MM endothelial cells intensely express markers of vivid angiogenesis such as VEGFR-2 and Tie/ Tek. This implies synergistic activity of VEGF and Ang-2, produced by plasma cells, in the induction of sprouts from existing vessels [40] . MM endothelial cells sizably express CD133, a marker of the progenitor endothelial cells involved in pre-natal vasculogenesis [55] . It has been proved that some CD133+ hematopoietic stem and progenitor cells contribute to the formation of the vessel wall of newly forming blood vessels together with FVIII-RA+, VEGFR-2+, and VE-cadherin+ MM endothelial cells [47] . MM plasma cells and inflammatory cells secrete high levels of VEGF, FGF-2, and insulin-like growth factor (IGF), which recruit bone marrow and circulating hematopoietic stem and progenitor cells into the tumor microenvironment [3] , where they differentiate into MM endothelial cells and participate to the formation of the new vessel wall. High expression of β3-integrin, which prevents apoptosis of endothelial cells and favours their adhesion to the ECM, proliferation, migration, and capillarogenesis [14] , also implies vivid neovascularization. Overexpression of endoglin, that enhances the expression of the adhesion molecule CD31, which is the ligand of the plasma cell CD38, by endothelial cells suggests enhanced opportunities for plasma cells to interact with the new-formed blood vessels, enter circulation and disseminate [40] . Frequent interactions between plasma cells and new-formed blood vessels are also mediated by the high expression of E-selectin by endothelial cells [48] . Moreover, MM endothelial cells intensely express a water transporter, namely aquaporin 1, which enhances vascular permeability, facilitates plasma extravasation, increases interstitial pressure, induces hypoxia, and upregulates hypoxia inducible factor-1 alpha (HIF-1α) and VEGF [49] .
A paracrine loop for tumor angiogenesis and growth has been demonstrated in MM patients, mediated by VEGF-A and FGF-2 [50, 51] . Plasma cells secrete VEGF-A and this induces endothelial cell proliferation and chemotaxis through VEGFR-2, prevalently expressed on these cells, which display constitutive autophosphorylation of VEGFR-2 and the associated kinase ERK-2 [50, 52] .
Another important role is played by the paracrine loop existing between MM endothelial cells and plasma cells involving CXCchemokines and their cognate receptors, which mediate plasma cell proliferation and chemotaxis [53] . Bone marrow endothelial cells express and secrete high amounts of the CXCchemokines CXCL8/IL-8, CXCL11/interferoninducible T-cell alpha chemoattractant (I-TAC), CXCL12/stromal cell-derived factor (SDF)-1α, and CCL2/monocyte chemotactic protein (MPC)-1 [64] . Several MM cell lines display a complex expression pattern of chemokine receptors (CXCR, CCR) [64] , some of which also mediate the interactions between plasma cells and stromal cells in the bone marrow microenvironment [54] .
To summarize, MM endothelial cells show constitutively ultrastructural features of enhanced metabolic activation, an high expression of typical endothelial markers (Tie2/Tek, VEGFR-2, FGFR-2, CD105-endoglin, and VE-cadherin), an high secretion of matrix metalloproteinases-2 and -9, and up-regulation of angiogenic genes (VEGF, FGF-2, Gro-α chemokine, transforming growth factor beta (TGF-β), Tie2/Tek, HIF-1α, ETS-1, and osteopontin) [40] Progenitor cells Vasculogenesis, i.e. the in situ differentiation of the primitive endothelial progenitors known as angioblasts from groups of mesodermal cells into endothelial cells that aggregate into a primitive capillary plexus, is responsible for the primary development of the vascular system during embryogenesis [55] .
This process is particularly important for vascular development, e.g., the formation of the yolk sac vasculature, of the heart, and of the dorsal aortae [56] . Important evidences suggest how the bone marrow neovascularization is partly formed by postnatal vasculogenesis [57] .
Various studies have suggested that endothelial stem cells may persist into adult life, where they contribute to the formation of new blood vessels [58] , and that in the post-natal life vasculogenesis may also occur [57] . Isolation of putative endothelial progenitor cells from peripheral blood was initially suggested by Asahara et al [59] . Peripheral blood CD34+ cells expressing VEGFR-2 were cultured on fibronectin-coated plates for 4 weeks, and the attached cells sotein couplehowed a typical spindle-shaped morphology, the uptake of acetylated lowdensity lipoproteins (Ac-LDL) and the expression of several endothelial cell markers (CD34, CD31, Flk-1, Tie-2 and E-selectins). More recently, it has been confirmed that 0·1-0·5% of circulating CD34+ cells express VEGFR-2/KDR receptors and that pluripotent haematopoietic stem cells are restricted to this fraction [60] .
It has been demonstrated that angiogenesis is an important process in MM progression and represents an important prognostic factor [3, 61] . Moreover, the in vitro generation of endothelial cells from haematopoietic stem cells mobilized in MM patients and their expansion and differentiation into endothelial cells in the presence of angiogenic cytokines has been obtained [47] . These data also demonstrate that in the bone marrow of MM patients, but not of MGUS patients, some isolated endothelial cells express on their surface the typical endothelial cell markers, such as factor VIII-related antigen (FVIII-RA), vascular endothelial-cadherin (VEcadherin), VEGFR-2, and TIE/Tek, as well as the CD133 staminal antigen whose expression was found in the microvascular wall together with FVIII-RA or VE-cadherin in some active MM patients.
Monocyte/macrophages
Macrophages contribute to tumor angiogenesis, and there are several reports describing an association between macrophage infiltration, vascularity and prognosis [39] . Tumor-associated macrophages accumulate in poorly vascularised hypoxic or necrotic areas [62] and respond to experimental hypoxia by increasing the release of VEGF and FGF-2 and a broad range of other factors, such as tumor necrosis factor alpha (TNF-α), urokinase and matrix metalloproteinases [63] . Moreover, activated macrophages synthesize and release inducible nitric oxide synthase, which increases blood flow and promotes angiogenesis [64] . Lastly, macrophages recruit mast cells [65] .
We have demonstrated that bone marrow macrophages in patients with active MM contribute to build neovessels through vasculogenic mimicry, in parallel to progression of plasma cell tumors [66] . Macrophages display oblong and spindle shape with thin cytoplasmic expansions, some of which are either arranged to form microvessel-like lumen or anastomosed with each other and with those of nearby macrophages to form tubular-like structures [66] . Macrophages retain their own CD14 and CD68 lineage markers, indicating that they do not transdifferentiate into endothelial cells, but only adapt functionally, phenotypically and morphologically [66] .
Under a synergistic stimulation by VEGF-FGF-2, macrophages undergo a phenotypic and functional adaptation [67] , starting to behave like MM endothelial cells. VEGF and FGF-2 bind to VEGFR-1 and FGFR-1, -2 and -3 expressed on monocytes/macrophages surface [68] . VEGFR-1 is involved in macrophage chemotaxis [68] and vasculogenesis [69] , but not in the definitive vessel assembly, which is closely dependent on VEGFR-2 [70] . On the other hand, FGF-2/FGFRs system is involved in vasculogenesis [71] .
In active MM, plasma cells secrete VEGF and FGF-2 [72, 61] and induce macrophage to secrete their own VEGF and FGF-2 [3] .
In healthy subjects, cells of monocyte lineage (other mesodermal-derived cells) can generate endothelial cell progenitors [73] or act as pluripotent stem cells [74] . They can develop an endothelial cell phenotype, especially when stimulated by VEGF and/or bFGF [74, 75] , and produce a functional capillary-like mesh [76] permeable by blood cells [77] , hence recapitulating embryo vasculogenesis [55] .
Bone marrow monocytes and macrophages of MM patients can be induced to assume a number of endothelial cell properties and form capillary-like structures in vitro through vasculogenesis. Moreover, macrophages contribute to build neovessels in MM through vasculogenic mimicry, and in MGUS they are prone to a vascular switch that marches in step with the progression toward MM [69] . In fact, MM bone marrow macrophages exposed to VEGF and bFGF develop a number of phenotypic properties similar to those of paired bone marrow endothelial cells, and form capillary-like structures morphologically mimicking those produced by MM endothelial cells. At the ultrastructural level, MM macrophages exhibit numerous cytoplasmic extroversions arranged in tube-like structures [69] . All these features are lacking or minimal in macrophages of patients with MGUS or with benign anemia which, however, will become phenotypically and functionally similar to those of MM under angiogenic stimulation [69] . Bone marrow biopsies of MM, but not of MGUS, harbour 'mosaic' vessels since these are formed by MM endothelial cells, endothelial cell-like macrophages and macrophages themselves [69] .
Mast cells
Mast cells density is strictly correlated with the extent of pathological angiogenesis, occurring in chronic inflammation and tumors [78, 79] . Mast cells accumulation has been associated with enhanced growth and invasion of several solid and haematological malignancies [63] and they also act as a host response to neoplasia and display tumoricidal activity in experimental settings [80] . Mast cells are recruited via several mediators produced by tumor cells, such as ckit receptor or Stem Cell Factor (SCF) [79, 81] , FGF-2, VEGF and platelet derived growth factor (PDGF). Mast cells contain several angiogenic factors including tryptase, chymase, heparin and histamine [82, 83] , TGF-β, TNF-α [84] , IL-8 [85] , FGF-2 [86] and VEGF [87] . Heparin may induce endothelial cell proliferation and migration [80] ; histamine has angiogenic effect through both H1 and H2 receptors [82] and also contribute to the hyperpermeability of new formed microvessels during tumor angiogenesis, increasing leakage of plasma proteins and hence deposition of fibrin [80] . Degradation products of fibrin, in turn, are angiogenic in vivo [88] . Moreover, in vitro experiments demonstrated that histamine induces VEGF production in the granulation tissue [89] . Tryptase is the predominant protease in mast cells and it is a potent mitogen for fibroblasts, smooth muscle cells, and epithelial cells [90, 91] and could play an important role in neovascularization favouring the formation of capillary structures via a direct action on endothelial cells [92] or by activating latent metalloproteinases and plasminogen activator [93] . It has been demonstrated that the new-vessels wall appear lined also by typical tryptase-positive mast cells, which are connected by a junctional system with the endothelial cells. Because mast cells keep their lineage marker, they can be regarded as cells that do not transdifferentiate into endothelial cells. This behaviour of mast cells can thus be regarded as an example of vasculogenesis mimicry [94] .
It has been also demonstrated that bone marrow angiogenesis, evaluated as microvessel area, and mast cells counts are highly correlated in patients with MM [63] . Both parameters increase simultaneously in active MM [93] . Moreover it has been demonstrated a significant correlation between vessel count and the number of both mast cells and VEGF-expressing cells revealing that mast cells express VEGF mRNA [95] .
Targeting antiangiogenesis
The actual therapeutic strategies of MM consists of conventional chemotherapy in combination with biologically based therapies in various settings, targeting not only the MM plasma cells but also its microenvironment and new therapeutic targets are currently available [77] .
Proteasome inhibitor bortezomib (Velcade, formerly PS-341), a boronic acid dipeptide, is a potent, highly selective, and reversible proteasome inhibitor that targets 26S proteasome complex and inhibits its function [96] . The 26S proteasome is an ATP-dependent multicatalytic protease mediating intracellular protein degradation [97] . Proteasomal degradation of misfolded or damaged proteins proceeds by recognition of polyubiquitinated proteins by the 19S regulatory subunit of the 26S protease and subsequently hydrolysis to small polypeptides [97] . Besides eliminating damaged/misfolded proteins, the proteasome also regulates key cellular processes, including modulation of transcription factors, such as NF-κB, cell cycle progression, inflammation, immune surveillance, growth arrest, and apoptosis [98] .
Bortezomib has inhibitory effects on the NF-κB activity in MM cells. NF-κB is a major transcriptional factor which mediates the expression of many proteins including cytokines, chemokines, cell adhesion molecules, as well as those involved in anti-apoptosis and cellular growth control [98] . Its activity is regulated by association with IκB family proteins [99] . Varius stimuli, including cytokines, such as TNFα and IL-1β, trigger phosphorylation of IκB protein by IκB kinase [100] . Phosphorylated IκB is subsequently polyubiquitinated by specific enzymes and degradated by the 26S proteasome [100] , which allows p50/p65 NF-κB nuclear translocation and binding to consensus motifits in the promoter region of target genes [98] . Expression of adhesion molecules, such as ICAM-1 and VCAM-1, on both MM cells and bone marrow stromal cells are also regulated by NF-κB [22, 101] . Thus inhibition of NF-κB by bortezomib downregulates these adhesion molecules, thereby enhancing susceptibility of MM cells to therapeutic agents in the context of the bone marrow milieu [98] . Another important aspect is that induction of IL-6 transcription and secretion by bone marrow stromal cells is mediated via NF-κB activation which, in turn, increases secretion of other cytokines, such as VEGF, from MM plasma cells [18] . Furthermore, MM cell adherence to the bone marrow stromal cells triggers IL-6 secretion via NF-κB activation, associated with an increased MM cell growth [98] and leads to a reduction of VEGF secretion. Borte-zomib significantly blocks both constitutive and MM cell adhesion induced by IL-6 secretion from bone marrow stromal cells [98] . Bortezomib is also directly cytotoxic, triggering stress response and apoptotic signalling via multiple pathways [98] . As the result of inhibition of proteasome activity, it causes the accumulation of misfolded polyubiquinated proteins, resulting in endoplasmic reticulum stress which triggers caspase-4 and downstream signalling [102] . Bortezomib also induces ROS which play a critical role in the initiation of the apoptotic cascades by disruption of membrane potential and the release of cytochrome c from mitochondria, followed by caspase-9 activation [103] . Proteasome inhibitors have a potent activity against mitotic endothelial cells, so they target aberrant blood vessel development associated with tumor growth, in fact, bortezomib inhibits the proliferation of MM endothelial cells associated with downregulation of VEGF, IL-6, IGF-I, Ang-1 and Ang-2 [98] . Moreover, bortezomib inhibits DNA repair activity by cleavage of DNA dependent protein kinase catalytic subunit (DNA-PKcs), thereby restoring sensitivity to DNA-damaging chemotherapeutic agents, such as doxorubicin and melphalan [104] . Bortezomib also downregulates caveolin-1 tyrosine phosphorylation, which is required for VEGF-mediated MM cell migration, and also blocks the caveolin-1 phosphorylation induced by VEGF (transcriptional target of NF-κB) in endothelial cells, thereby inhibiting ERK-dependent cell proliferation. It inhibits the transcription of important adhesion molecules such as ICAM-1, VCAM1 and Eselectin [105] .
Thalidomide has a direct tumoricidal activity, an antiangiogenic effect and modulates TNF-α signalling through direct and/or indirect effects on the tumour microenvironment [106] , reduces FGF-2 [107] , VEGF and IL-6 secretion in bone marrow stromal cells and by MM cells [108] . It also stimulates the activation and expansion of T cells and augments NK-cell -mediated cytotoxicity through its direct effect on T cells with a consequent increase in IL-2 and interferon gamma (IFN-γ) secretion [109] , and interferes with NF-κB activity by blocking its ability to bind to DNA or suppresses IκB kinase activity, thus abrogating normal inflammatory cytokine production [110] . Thalidomide also disrupts the host marrow-MM cell interactions by selective modulation of the density of cell surface adhesion molecules [111] . Treatment with thalidomide is associated with sedation, fatigue, constipation, rash, deep-vein thrombosis, and peripheral neuropathy [112] . Lenalidomide, a derivative of thalidomide, is less toxic and more potent than the parent drug [113] . In patients with relapsed or refractory MM, lenalidomide can overcome resistance not only to conventional chemotherapy but also to thalidomide [114, 115] .
The bisphosphonates are other compounds that, although originally used to reduce bone loss in MM due to an anti-osteoclast activity, have also been shown to have a direct effect on MM cells [116] . In fact, zoledronic acid has a direct cytotoxic activity on tumor cells and suppresses angiogenesis [117, 118] , inhibits FGF-2 -and VEGF-dependent proliferation of endothelial cells and inhibits VEGFR-2 in an autocrine loop [116] . Neridronate exerts its antiangiogenic activity through both a direct effect on endothelial cell proliferative activity and inhibitory effect on the responsivity of the endothelial cells to the proliferative stimuli mediated by angiogenic cytokines [119] . The use of bisphosphonates can cause the osteonecrosis of the jaw (ONJ), a long-lasting disorder that occurs mainly in breast cancer and MM patients treated with intravenous bisphosphonates [120] .
Conclusions
The bone marrow microenvironment plays a crucial role in the pathophysiology of MM. It is involved in the crosstalk between plasma cells and bone marrow stromal cells, which increases the survival, proliferation and migration of tumor cells themselves, and represents the substrate for angiogenesis which favours the disease progression. Due to interaction with active microenvironment, MM plasma cells also acquire drug resistance giving less opportunity to therapy response. Many research studies have tried to better understand the biological mechanisms and the genetic basis of all the interactions between MM cells and bone marrow stromal cells. VEGF, FGF-2, IL-6, macrophages, mast cells, and many others cells and molecules, play the most important role in this process. Furthermore, several studies have focused their investigation on novel drugs targeting the MM plasma cells and the microenvironment cells. Good results have been already obtained, but MM still remains an incurable malignancy, indicating that the role of bone marrow microenvironment is important in MM progression, but its role is still not completely clear. The future goal for MM therapy may be the simultaneous block of plasma cell proliferation and survival, plasma cells/ bone marrow stromal cells interaction, and bone marrow stromal cells activity by the combination of biological target drugs.
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